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Narumi Nakato* & Kunio Mitui** : Intraspecific polyploidy 
in Diplazium subsinuatum (Wall.) Tagawa 

(Plate III-VI) 

Diplazium. subsinuatum is distributed from Ceylon (Sri Lanka) to Japan, 
through India, Thailand, the Phillippines, China, Taiwan and Korea (cf. 
Nakaike, 1975). In Japan, it is generally found on moist slopes and banks 
along streams in lowland forests of subtropical and warm temperate regions. 

The cytological study on this species has been made by the senior author 
(1965), who observed the 123 bivalents at meiosis and the normal complement 
of 64 spores per sporangium in the plant from Kanagawa Pref., and he con¬ 
cluded that the species was a sexual hexaploid based on x=41. On the 
other hand, Momose (1967) reported apogamous plants from Hiroshima Pref., 
from embryological studies. Furthermore, Kawasaki (1960) reported two 
types of spore ornamentation in this species, and Satake (1972) also observed 
several types of spore morphology. From these observations, it is presumed 
that D. subsinuatum is cytologically and morphologically not a monotypic 
one. To clarify this problem, the present authors studied the chromosome 
numbers, spore characters and other features in Japanese specimens collected 
from 17 localities. 

Materials and Methods 

The localities of the plants used are listed in Table 1 with the cytological 
results. Gametic chromosomes were observed in spore mother cells which 
were fixed in Carnoy’s fluid followed by the usual aceto-carmine squash 
method. Somatic chromosomes were observed in the cells of root tip treated 
in 0.002 M 8-hydroxyquinoline solution for 6 hours. The root tips were 
fixed in 45% acetic acid for 20 minutes, hydrolyzed in a mixture of 1 N HC1 
and 45% acetic acid (2:1) at 60°C for 5 minutes, and squashed on slides. 
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Aceto-orcein or aceto-gentian violet was used for staining. Dry, nonacetolyzed 
spores were coated with gold for the scanning electron microscope. The 
voucher specimens are deposited in the herbarium of Nippon Dental University. 

Observations 

Chromosome numbers: Chromosome numbers were determined on 18 
plants from 18 localities as shown in Table 1. It was confirmed that there 
exist intraspecific polyploids, tetraploids, pentaploids and hexaploids, based 
on x=40 in this species. As stated above, Mitui (1965) previously studied 
a plant from Zinmuzi, Kanagawa Pref. and reported that it was hexaploid 
with n = 123. But in the present study, a plant collected from the same place 
was reexamined and proved to be hexaploid giving the exact counts of n= 
120 and 2n=240 (Plate III). Since the previous count was based on an 
incomplete preparation, it should be corrected to n = 120. Meiosis was 


Tab. 1. Locality and chromosome number of specimens 
used in the present study. 


Specimen 

No. 

Locality 

Chromosome number 

1 

Yunotsuru, Kumamoto Pref. 

n = 80, 2n = 160 

2 

Iwayasan, Nagasaki Pref. 

2n = 160 

3 

Otokoyama, Kyoto Pref. 

n = 80, 2n = 160 

4 

Asuka, Nara Pref. 

2n = 160 

5 

Ashikubo, Shizuoka Pref. 

2n = 160 

6 

Izumo, Shimane Pref. 

meiosis irreg., 2n = 200 

7 

Kuki, Mie Pref. 

2n = 200 

8 

Aziro, Shizuoka Pref. 

2n = 200 

9 

Yugashima, Shizuoka Pref. 

meiosis irreg., 2n=200 

10 

Kawazu, Shizuoka Pref. 

2n=200 

11 

Mitsuishiyama, Chiba Pref. 

2n=200 

12 

Kiyosumiyama, Chiba Pref. 

meiosis irreg., 2n = 200 

13 

Isl. Iriomote, Okinawa Pref. 

2n = 240 

14 

Isl. Amamioshima, Kagoshima 

Pref. 

2n — 240 

15 

Isl. Yakushima, Kagoshima Pref. 

. ... : 2n —240 

16 

Izumo, Shimane Pref. 

- n --t 120,- 2n~- 240 

17 

Zinmuzi, Kanagawa Pref. 

n=120, 2n = 240 

18 

Isl. Miyake, Tokyo Pref. 

, 2n=ca. 240 
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observed in 2 tetraploids, 3 pentaploids and 2 hexaploids. Both the tetraploids 
and the hexaploids showed normal meiosis with 80 and 120 bivalents, respec¬ 
tively. On the contrary, the pentaploids showed irregular meiosis with many 
univalents, and an accurate analysis of chromosomes was carried out in a 
plant (No. 6), showing 70 bivalents and 60 univalents (Plate IV). 

Spore character: The spore formations were examined in 13 plants (No. 
1,4,5,6,7,8,9,11,13,14,15,17,18). Both of the tetraploids and hexaploids 
had the normal complement of 64 spores in each sporangium. On the other 
hand, the pentaploids produced many abnormal spores with considerable varia¬ 
tion in spore size, although well-developed spores were rarely present. Ad¬ 
ditionally it was noticed that the cytological differences were well expressed 
in ornamentation of spores. The spores of the tetraploids were covered with 
irregular series of ridges which form a membranous structure in the SEM 
micrographs (Plate V). By contrast, the spores of the hexaploids were 
covered with processes of various size and shape (Plate V), and the well- 
developed spores of the pentaploids had ornamentations of various degrees 
between those of the tetraploids and the hexaploids (Plate VI). The diffe¬ 
rences in the spore ornamentation among the three cytotypes could be clearly 
observed even under the optical microscope. 

Fifty spores (mounted in Canada balsam) per specimen were measured in 
the tetraploids and the hexaploids (No. 1,4,5,13,14,15,17,18). The results 
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Fig. 1. Ranges and means of sizes of spore and stomata. A. Spore size, a, longest equatorial 
diameter, b, polar diameter. B. Stomata size, a, length, b, breadth. 
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Fig. 2. Epidermis of three cytotypes. A. Tetraploid (Specimen No. 1). 

B. Pentaploid (No. 10). C. Hexaploid (No. 17). 

are shown in Fig. 1, A. It is found that mean spore-size of the hexaploids 
(43.8 jumx 32.6 //m) was slightly larger than that of the tetraploids (39.3 fit nx 
28.3 //m). 

Epidermis : The samples of epidermis were taken from the middle por¬ 
tion of the abaxial surface of the fertile frond and are shown in Fig. 2. The 
epidermal cells were variable in outline and size, and seemed to have no value 
in segregating the cytotypes. The size of stomata was measured in 50 sam¬ 
ples per specimen in all materials and the results are indicated in Fig. 1, B. 
The mean size was 79.0 /nm x 53.4 [tm in the tetraploids, 76.3 ^mx 52.7 /urn in 
the pentaploids and 76.9 ^mx 56.4//m in the hexaploids. It seems that the 
cytological differences are not reflected in the size of stomata. 

Distribution: Fig. 3 indicates the geographical distribution of the three 
cytotypes in Japan. A particular trend of distribution is not found in any 
cytotypes as far as the present study is concerned. In addition, it seems 
that the three cytotypes have not any specific ecological requirement. All 
materials were collected from the similar moist habitats under lowland forests. 
As to the plants from Izumo, Shimane Pref., two cytotypes, pentaploid and 
hexaploid, were detected. Since the two clones of these cytotypes were 
growing as a mixed condition, the present authors consider that plants at 
different ploidy levels may occasionally grow sympatrically in certain habitats. 


May 1979 Journ. Jap. Bot. Vol. 54 No. 5 133 



Discussion 

The present study shows that D. subsinuatum forms a polyploid series 
of the three cytotypes, 4x, 5x and 6x based on x = 40 in Japan. The finding 
of this number is of great interest, because other species of Diplazium 
■cytologically studied are based on x = 41 without exception (Love et al., 1977). 
From the present observation, the tetraploid and hexaploid were sexual in 
reproduction, and we did not find apogamous plants as observed by Momose 
(1967). 

In external morphology the plants of three cytotypes resemble one ano¬ 
ther closely, and noticeable differences which may be useful in distinguishing 
the cytotypes, could not be detected. It is well known that in ferns where 
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intraspecific polyploidy is present, the higher grade of ploidy is accompanied 
by a relative increase in the sizes of stomata and spores. Such examples 
hitherto reported on Japanese ferns are as follows: Cyrtomium falcatum (L.f.) 
Pr. (2x, 3x, 4x), Dryopteris sparsa O.Ktze. (2x, 3x, 4x), D. yabei Hayata (2x, 
3x), Lepisorus thunbergianus (Kaulf.) Ching (2x, 3x, 4x), Leptorumohra mique- 
liana (Maxim.) H.Ito (2x, 3x, 4x), Phegopteris decursivepinnata (van Hall) 
Fee (2x, 3x, 4x), Pteris excelsa Gaud. (2x, 3x) and P. fauriei Hieron. (2x, 3x) 
(Hirabayashi, 1969, 1974; Mitui, 1966, 1968, 1976; Nakato, 1976; Yasuda, 1977). 
In the D. subsinuatum complex, the spore size is slightly larger in the hexa- 
ploids than in the tetraploids. However the size of stomata is apparently not 
correlated with ploidy levels as shown in Fig. 1, B. This trend may be 
partly due to the high grade of ploidy in this species (4x, 5x, 6x). In a com¬ 
parative study on gigantism in many polyploid plants, Takenaka (1947) pro¬ 
posed that, although the size of stomata and others increased in accordance 
with the higher ploidy level, the gigantism was not attained when ploidy 
levels were higher than pentaploid or so. 

Kawasaki (1960) reported that in this species (under the name of D. lan- 
ceum) there were two types of spore ornamentation,; one type based on a 
specimen from Kii (Wakayama Pref.) was B3 type in his system which 
had long processes on spore surface, and another type observed in material 
from Tosa (Kochi Pref.) belonged to his C2 type which had yellow wings. 
Furthermore, Satake (1972) observed spores of some plants from Shizuoka 
Pref., and reported that there were several types of spores, that is, spiny type 
(regular in spore size), club-shaped (reg. or irreg.), membranous (irreg.) and 
a mixture of the latter two (reg. or irreg.). In the present study it is found 
that spore morphology provides useful characters to separate the three cyto- 
types. Thus, the pentaploids are easily distinguished from the others by the 
production of many abnormal spores, while the tetraploids and the hexaploids 
produce normal spores, and the ornamentation is membranous in the former 
races, but processed in the latter. Judging from the figures presented by 
Kawasaki (1960), it seems that spores of his B3 type in this species corres¬ 
ponded to those of the present hexaploids and spores of C2 type corresponded 
to those of the tetraploids. Likewise, the spores of spiny or regular club- 
shaped ornamentations observed by Satake (1972) seem to be of hexaploids, 
and the other irregular-sized spores to be of pentaploids. 
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The basic chromosome number is considered to be an important character 
in the definition of the two genera, Athyrium (x=40) and Diplazium (x=41), 
since Manton and Sledge first drew attention to it in 1954. According to 
chromosome numbers, D. subsinuatum seems to be related to Athyrium and 
Lunathyrium having x = 40 rather than to Diplazium with x = 41. It is very 
interesting that Serizawa (1972) and Kato (1975) pointed out that the struc¬ 
ture of groove of rachis in this species corresponded to that of Lunathyrium 
(x = 40) rather than that of Diplazium (x = 41). 

We wish to express our sincere thanks to Dr. T. G. Walker, the Univer¬ 
sity of Newcastle upon Tyne, for critical reading of the manuscript. We are 
also grateful to Dr. K. Yasuda of Saitama University and Dr. K. Oginuma of 
Hiroshima University for providing materials. 
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Explanation of plates III-VI 

Plate III. Chromosomes of tetraploid and hexaploid. A. Somatic chromosomes 
of tetraploid (2n=160, specimen No. 1). B. Gametic chromosomes of tetra¬ 
ploid (n=80, specimen No. 3). C. Somatic chromosomes of hexaploid (2n = 
240, specimen No. 17). D. Gametic chromosomes of hexaploid (n = 120, 
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specimen No. 17). 

Plate IV. Chromosomes of pentaploid. A. Somatic chromosomes of pentaploid 
(2n = 200, specimen No. 10). B. Meiosis in the pentaploid race showing 
bivalents and univalents (specimen No. 6). C. Explanetory diagram to B. 
Plate V. Spores of tetraploid and hexaploid. A-D. Tetraploid. E-H. Hexaploid. 
Plate VI. Spores of pentaploid. 
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N. Nakato & K. Mitsui : Polyploidy in Diplazium siibsimiatum 
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